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ABSTRACT
In view of the enormous variability of dog breeds, breed-specific reference intervals (RIs) are recom-
mended for use in veterinary clinical decision-making. The aim of this study was to determine whether
RIs of the general canine population may be applied to the Italian Greyhound (Piccoli Levrieri Italiani
or PLI), and to generate breed-specific RIs, where appropriate. Sixty-three privately owned clinically
healthy fasted dogs were examined. Routine haematology and biochemistry were performed on 58
enrolled patients using the ADVIA 120 haematology analyzer and the Cobas Mira system, respectively.
Changes in haematological and biochemical parameters depending on sex, age and attitude (resting vs.
running dogs) were investigated. The results of PLI were compared with the RIs of the general canine
population. In those cases in which these RIs were not validated, new RIs were generated according to
the guidelines of the American Society of Veterinary Clinical Pathology. Pre-existing RIs were
considered valid based on the recommendations by the Clinical & Laboratory Standards Institute
(CLSI). RIs were higher for mean corpuscular haemoglobin (MCH), mean cell haemoglobin concen-
tration (MCHC), cell haemoglobin concentration mean (CHCM) and lower for large unstained cells
(LUC). A wider discrepancy between pre-existing and newly established RIs was found for some
ADVIA parameters regarding red blood cell (RBC) or reticulocyte morphology. For total protein and
cholesterol the new RIs were wider than the pre-existing ones, while albumin, calcium and iron were
higher. This study suggests that most of the RIs published in veterinary textbooks cannot be validated
for PLIs.
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INTRODUCTION
In people, reference intervals (RIs) are sought for specific subpopulations identified by sex,
age, ethnicity and geographic origin (Horn and Pesce, 2002). In veterinary medicine, this
approach is often ignored, but the availability of valid RIs is essential for the correct
assessment of a patient’s clinical status, and only a few studies have defined breed-specific RIs
(Nielsen et al., 2010; Paltrinieri et al., 2014; Ruggerone et al., 2018).
In Greyhounds having several breed peculiarities, breed-specific RIs have been established
(Campora et al., 2011a). Some of these peculiarities are shared by Lurchers, a crossbreed
between a sighthound and other dog breeds, suggesting that genetics could play a role
(Campora et al., 2011b). However, no information is available about possible breed-associ-
ated peculiarities of the Italian Greyhound (Piccoli Levrieri Italiani or PLI), belonging to
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recent years the popularity of this breed has been growing
not only in Europe but also in North America, with an in-
crease in numbers all over the world. There is a growing
interest in this breed and its peculiarities, which stimulates
research including genetic studies. In order to avoid misdi-
agnosis due to the insufficient knowledge of haematological
variables, the aim of this study was to generate RIs in healthy
adult PLI, highlighting any differences according to sex, age
and aptitude.
MATERIALS AND METHODS
Selection of cases and samplings
This was a prospective study on privately owned animals
sampled with the owner’s informed consent during plans of
health monitoring (opinion of the Institutional IACUC n. 2/
16; 15.02.16).
Samples were collected from healthy PLI belonging to
28 different breeders, according to the Clinical & Labora-
tory Standards Institute (CLSI) recommendations (CLSI,
2010). The study included only dogs that fulfilled the
following criteria: (1) No recent history of diseases or of
pathophysiological conditions affecting blood results
(pregnancy, lactation, tumours, infections, etc.); (2) Regu-
lar deworming and vaccination; (3) No recent medications
administered; (4) No clinical signs at the physical exami-
nation. Samples with lipaemia, haemolysis, or icterus were
excluded from the study.
Blood was collected at rest at least 7 days from a race in
non-retired dogs, to avoid the effects of short exercise on
blood parameters (Ilkiw et al., 1989; Horvath et al., 2014)
from animals fasted at least for 12 h, and transferred to the
laboratory at 4 8C within 18 h. Samples were collected within
plans of health monitoring with the owners’ informed
consent. Therefore, according to the regulations of our
Institution (Decision 2/2016 of the Institutional Ethical
Committee) a formal approval of the Institutional Ethical
Committee was not necessary.
Laboratory analyses
Haematology was performed using the laser-based ADVIA
120 haematology system (Siemens Healthcare Global,
Erlangen, Germany), calibrated using calibrators provided
by the manufacturer and checked weekly with quality con-
trol material. The haematological parameters, reported in
Table 1, were recorded.
Leukocyte differentials were verified by microscopic ex-
amination of May-Gr€unwald-Giemsa stained smears by two
independent operators: manual differentials were included
in this study if positive flags regarding WBC counts were
generated by the instrument, if >1% of basophil, band
neutrophils, or grey eosinophils (i.e. eosinophils with
abnormal staining features, typical of sighthounds, that may
be misclassified by automated cell counters as demonstrated
by Giori et al., 2011) were microscopically detected or if the
difference between the automated and the manual neutro-
phil or lymphocyte counts exceeded ±5%.
The biochemical analytes, reported in Table 1, were
measured in a single batch on an automated spectropho-
tometer (Cobas Mira, Roche, Basel, Switzerland), checked
daily with two levels of quality control material (normal and
pathological) provided by Giesse Diagnostics (RM, Italy)
and calibrated using calibrators provided by the same
manufacturer, based on the results of the daily quality
control as necessary. Samples were processed within one
month of sampling using serum obtained by the centrifu-
gation (1800 g, 10 min) of blood collected in plain tubes, and
frozen at 20 8C. Sodium and potassium were determined
using a flame photometer (IL 943, Instrumentation Labo-
ratories, Boston, US).
Comparison with pre-existing canine RIs
For each analyte, the results obtained were compared with
pre-existing canine RIs (Moritz et al., 2004; Kaneko et al.,
2008; Rizzi et al., 2010) using a specific software (Analyse-it,
v.2.21, Analyse-it Software Ltd, Leeds, UK) according to the
CLSI guidelines (CLSI C28-A3) as follows:
- Outliers (values exceeding the I or III quartile minus or
plus 3 3 the interquartile intervals) were removed from
the dataset;
- Twenty randomly selected observations were compared
with the pre-existing RI:
o pre-existing RIs were validated if ≤10% of results (2
cases) were outside the pre-existing RI;
o pre-existing RI were rejected if ≥25% of results (5 cases)
were outside the pre-existing RI;
o when results outside the pre-existing RIs were >10% but
<25%, additional 20 values were randomly selected and
compared with pre-existing RIs; the pre-existing RIs
were validated if <10% of results were outside the in-
terval and rejected if >10% of results were outside the
pre-existing RI.
Establishment of new breed-specific RIs
When pre-existing RIs were rejected, new breed-specific RIs
were generated using an Excel spreadsheet with the Refer-
ence Value Advisor (version 2.0) set of macroinstructions
(Geffre et al., 2011) that performs computations following
the IFCC-CLSI recommendations as suggested by the
ASVCP guidelines (Friedrichs et al., 2012). The computa-
tions included: common descriptive statistic, test of
normality, Q-Q plots and Box-Cox transformation. To
detect outliers, Dixon-Reed and Tukey’s tests were used.
Following the ASVCP guidelines, outliers classified as ‘sus-
pected’ by the software were retained while far outliers were
removed from the analysis. The software calculates the RIs
using five statistical methods (standard and robust methods
on both non-transformed and transformed data and a non-
parametric method) and indicates which of the five RIs
should be used based on actual data distribution. A
nonparametric bootstrap method was used to calculate the
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90% confidence interval (CI) for the RIs. Due to the small
sample size, differences were considered statistically signifi-
cant if P < 0.2.
Partitioning of RIs
The Wilcoxon and Kruskall-Wallis tests followed by the
Tukey’s test for multiple comparison were used to assess the
differences related to sex, age (0–2 years, 2–7 years, >7 years),
and aptitude (retired vs. racing dogs). Age was entertained
also as a continuous variable using a linear regression analysis
(JMP 7, SAS Institute Inc., Cary, NC, US).
RESULTS
Sixty-three dogs were sampled. Five dogs were excluded due
to mammary neoplasms (two dogs), neurological signs of
unknown origin one month before sampling, severe peri-
odontitis and lactation (one dog each). Consequently, 58
dogs were included in the study. In 6 cases serum samples
were inadequate for biochemical analyses. In all the dogs the
automated differential counts were used, except in two cases
that had >1% of grey eosinophils.
Outliers were not common (Table 1). Pre-existing RIs
were rejected for 18/34 haematological and 5/16 biochemical
analytes. The new RIs of these analytes are reported in
Table 2.
In most cases, the new RIs largely overlapped with the
pre-existing ones (e.g. Hb, WBC, reticulocyte number,
MPV). In a few cases new RIs were higher (e.g. MCH,
MCHC, CHCM, albumin, calcium and iron) or lower (LUC)
than the pre-existing RIs. A wider discrepancy between pre-
existing and new RIs was found for ADVIA parameters
regarding RBC or reticulocytes. The new RIs of total protein
and cholesterol were wider than the pre-existing ones.







58 Red blood cells (RBCs), Haemoglobin (HGB), Haematocrit (HCT), Mean
corpuscular volume (MCV), Mean corpuscular haemoglobin (MCH), Mean cell
haemoglobin concentration (MCHC), Haemoglobin content (CH), Percentage of
macrocytic RBCs (%MACRO), Total leukocytes (WBC), platelets (PLT), Mean
platelet volume (MPV), Platelet distribution width (PDW), Mean platelet content
(MPC), Haemoglobin content of reticulocytes (CHr), CH distribution width of
reticulocytes (CHDWr), Percentage of macrocytic reticulocytes (%MACROr),
Percentage of reticulocytes with High CH (%HIGH CHr), Percentage of low
fluorescence reticulocytes (L Retic %), Number of low fluorescence reticulocytes
(L Retic #), Percentage of medium fluorescence reticulocytes (M Retic %),
Percentage of high fluorescence reticulocytes (H Retic %), Number of high
fluorescence reticulocytes (H Retic #), Immature reticulocyte fraction with high
fluorescence (IRF-H), Immature reticulocyte fraction with medium/high
fluorescence (IRF MþH)
0 58
RBC distribution width (RDW), Neutrophils, Lymphocytes, Monocytes, Basophils,
Reticulocyte distribution width (RDWr)
1 57
Haemoglobin distribution width (HDW), eosinophils, Mean corpuscular volume of
reticulocytes) MCVr, Cell haemoglobin concentration mean of mature RBCs
(CHCMm), Cell haemoglobin concentration mean of reticulocytes (CHCMr),
RBC distribution width of mature erythrocytes (RDWm)
2 56
Large unstained cells (LUC), Percentage of microcytic RBC (MICRO %), Ratio
between the percentage of microcytic and hypochromic RBCs (%MYCRO/%
HYPO RATIO)
3 55
Cell haemoglobin concentration mean (CHCM) 5 53
Haemoglobin distribution width of reticulocytes (HDWr) 8 50
Percentage of hyperchromic RBCs (HYPER %) 11 47
52 Albumin, urea 1 51




Alkaline phosphatase (ALP) 7 45
45 Cholesterol, Na, K, Creatine Kinase (CK), P, Fe 1 44
Triglycerides 2 43
Gamma-glutamyl transferase (GGT) 3 42
Ca 4 41
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Partitioning of RIs
The caseload included 27 females, 6 spayed females, 23 males
and 2 neutered males. However, only results from males and
females were compared to each other, because the number of
spayed females and neutered males was too low to allow a
reliable statistical analysis. Compared with females, male PLIs
had higher MCV (P 5 0.007) and GGT (P 5 0.003) and
lower CHCM (P 5 0.014), RDWr (P 5 0.009), HDWr (P 5
0.002), Na (P 5 0.000), K (P 5 0.020) and CK (P 5 0.003).
The age range was 8 months–13 years (mean: 4.31 ±
3.35; median: 4 years). Linear regression analysis showed a
significant increase with age for MCV (P 5 0.021), platelets
(PLT) (P < 0.001), reticulocyte number (P 5 0.057), MCVr
(P 5 0.004), H-Retic# (P 5 0.045) and total protein (P 5
0.045). Conversely, MCHC (P < 0.001), CHCM (P < 0.011),
CHCMr (P 5 0.000), lymphocytes (P 5 0.002), basophils (P
5 0.054), RDWr (P 5 0.042), HDWr (P 5 0.027) and urea
(P 5 0.031) significantly decreased with age. When age was
arbitrarily divided into three classes, compared with the
other groups, dogs older than 7 years had significantly
higher MCV (P 5 0.040) and PLT (P < 0.001), and signif-
icantly lower MCHC (P 5 0.001), lymphocytes (P 5 0.026)
and CHCMr (P 5 0.007), while dogs aged 2–7 years had
higher MCVr (P 5 0.007).
Racing dogs (n 5 11) had lower HCT (P5 0.047), RDW
(P 5 0.015), MCVm (P 5 0.024) and MCVr (P 5 0.009),
and higher MCHC (P 5 0.030), CHCMr (P 5 0.002),
Table 2. Haematological reference intervals for PLI established within this study. Data are reported according to the ASVCP guidelines
(Friedrichs et al., 2012)
Analyte
Claimed




(90% CI) Dist Meth
HGB (g/L) 120–180 58 180 18 179 142 237 1S 146 (140–
153)
219 (211–227) P 5 0.893
(G)
RT









320–360 58 371 10 370 351 406 3S 351 (351–
357)





297–328 53 361 13 359 333 404 4S 336 (333–
345)
403 (383–404) P 5 0.000
(NG)
NP









1.24–1.82 56 2.1 0.5 1.9 1.5 3.5 6S 1.5 (1.5–
1.6)














262–281 56 307 11 306 279 335 4S 280 (279–
293)
333 (326–335) P 5 0.008
(NG)
NP














L retic (%) 64.83–
91.30







H retic (%) 4.31–
10.04







































LUC (109/L) 0.55–1.71 55 0.5 0.5 0.3 0.1 1.6 5S 0.1 (0.1–
0.1)
1.6 (1.4–1.6) P 5 0.000
(NG)
NP







N 5 number of valid observations; SD 5 standard deviation; Out 5 outliers; RI 5 reference interval; LRL 5 lower reference limit; URL 5
upper reference limit; Dist 5 distribution; Meth 5 method; (S) 5 number of suspected outliers; (R) 5 number of far outliers that were
identified and removed; G 5 Gaussian; NG 5 non-Gaussian; NP 5 non-parametric; R 5 robust method; RT 5 robust method after box-
cox transformation.
The bold values signify the reference intervals established within this study for PLI.
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HDWm (P 5 0.030) and lymphocytes (P 5 0.046) than
retired dogs (n 5 47) (Fig. 1).
DISCUSSION
This study evidenced some haematological or biochemical
peculiarities in PLIs. The breeders enrolled in this study did
not use dietary or management practices potentially influ-
encing the laboratory results. Therefore, the observed pe-
culiarities are most likely interpretable as breed-specific.
Alternatively, some of these peculiarities might depend on
the comparison with RIs published in textbooks rather than
with RIs generated in-house from a reference population
(Kaneko et al., 2008; Kjelgaard-Hansen and Lundorff, 2010).
Only for ADVIA-specific parameters regarding red blood
cells (RBCs) or reticulocytes, that were not published in
textbooks, data were compared with RIs reported in an
article that used the same methodology as that employed in
this study (Moritz et al., 2004). Likewise, we preferred to
compare routine haematological parameters with those re-
ported in the Schalm’s textbook (Rizzi et al., 2010), since the
data reported by Moritz et al. (2004) are based on a reference
population numerically lower than that of our study and not
generated using the recent guidelines (Geffre et al., 2009;
Friedrichs et al., 2012). Other studies investigated ADVIA
Figure 1. Significant differences between racing and retired PLI. Racing dogs had lower values for HCT (A), RDW (B), MCVm (C) and
MCVr (D), and higher values for MCHC (E), CHCMr (F), HDWm (G) and lymphocytes (H)
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parameters in selected storage or disease conditions (Furla-
nello et al., 2006) but data were expressed as mean ± SD or
min-max ranges and therefore not suitable for the com-
parison of RIs (Table 3).
Another limitation of this study is the low caseload.
However, this study includes 20% of PLIs registered at the
National Agency of the Italian Cynophily (ENCI). In addi-
tion, according to the recommendations of recent guidelines
we applied strict inclusion criteria and we excluded far
outliers, thus further reducing the number of valid data. Far
outliers were frequently recorded for ADVIA parameters of
minor clinical relevance (e.g. HDWr, HYPER%) that had
wide RIs also in a previous study (Moritz et al., 2004), likely
due to a high individual and analytical variability for eo-
sinophils, probably due to imprecisions in ‘grey eosinophil’
counts (Giori et al., 2011), and for some biochemical ana-
lytes, likely due to pre-analytical artefacts (e.g. glucose) or to
possible analytical errors, that may have induced increases of
ALP, GGT or Ca in dogs without signs of cholestasis or of
altered bone metabolism.
The method used in this study to validate pre-
existing RIs has some limitation: for example, if all the
observations fall within pre-existing RIs, suggesting that a
narrower RI would better describe the study population, pre-
existing RIs are validated. Nevertheless, although other sta-
tistical approaches are mentioned in the CLSI guidelines, the
approach followed in this study is widely used in veterinary
medicine and is recommended by the ASVCP guidelines
(Friedrichs et al., 2012). This approach rejected many pre-
existing haematological and biochemical RIs. Although for
some parameters (e.g. cholesterol, MPV) this may reflect the
limitation cited above, in most cases the differences
compared with published RIs were already recorded in
Greyhounds (Fayos et al., 2005; Campora et al., 2011a;
Zaldívar-Lopez et al., 2011), suggesting that these are real
breed-specific peculiarities of sighthounds. For example, the
high Hb and MCHC are considered adaptations to increase
the oxygen delivery to tissues (Shiel et al., 2007), and the
high MCH, CHCM and serum iron may indicate a more
efficient erythroid metabolism as suspected in Greyhounds
(Caro et al., 2013). Theoretically, also the high reticulocyte
count may be an adaptive response. However, this may
depend on the high analytical sensitivity of laser-based
analysers rather than on a true reticulocytosis (Moritz et al.,
2004; Tvedten and Moritz, 2010). This hypothesis is
confirmed by a recent report on Greyhounds in which
reticulocyte counts increased only after racing, possibly due
to splenic contraction (Horvath et al., 2014).
Other similarities with Greyhounds are the lower RIs for
total WBC counts and the higher RI for sodium (Shiel et al.,
2007; Zaldívar-Lopez et al., 2011). As regards WBCs, how-
ever, the low neutrophil count recorded in Greyhounds was
not found in PLI in which the RI for LUCs was lower than
that reported in other studies (Moritz et al., 2004). This cell
population, however, is clinically irrelevant, except in a few
cases (Moritz and Becker, 2010).
Some discrepancies with Greyhounds, interpretable as
PLI-specific peculiarities, were also found: serum calcium,
that is low in Greyhounds, was higher than the published
RIs for PLIs. Similarly, Greyhounds have a lower total
protein concentration, mostly due to a decreased serum
concentration of globulins and acute phase proteins (Zal-
dívar-Lopez et al., 2011), while PLIs had a wider RI for total
proteins and a higher RI for albumin (Couto et al., 2009).
These differences are too slight to affect any clinical de-
cisions and are probably breed peculiarities. It is otherwise
hard to explain this increase in healthy dogs without any
sign of dehydration and/or in dogs not receiving cortico-
steroid supplementation. Furthermore, the higher RI for
albumin could be the explanation for the higher level of
calcaemia detected (due to increased protein binding)
(Stockham and Scott, 2008). Additionally, some peculiarities
Table 3. Biochemical reference intervals for PLI established within this study. Data are reported according to the ASVCP guidelines
(Friedrichs et al., 2012)
Analyte
Claimed

















3.5–7 44 5.1 1.3 4.8 2.7 7.8 N 2.3 (1.9–2.9) 7.8 (7.1–8.4) P 5 0.251
(G)
RT







Ca (mmol/L) 9–11.3 41 3.0 0.4 3 2.2 4.2 1S 2.3 (2.2–2.4) 4.1 (3.8–4.5) P 5 0.362
(G)
NP







N 5 number of valid observations; SD 5 standard deviation; Out 5 outliers; RI 5 reference interval; LRL 5 lower reference limit; URL 5
upper reference limit; Dist 5 distribution; Meth 5 method; (S) 5 number of suspected outliers; (R) 5 number of far outliers that were
identified and removed; G 5 Gaussian; NG 5 non-Gaussian; NP 5 non-parametric; R 5 robust method; RT 5 robust method after box-
cox transformation.
The bold values signify the reference intervals established within this study for PLI.
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of Greyhounds such as increased creatinine, ALT and AST,
were not found in PLIs. In a previous study, PLI had a
significantly higher activity of liver enzymes compared with
other sighthounds; on the other hand, normal serum
creatinine had already been observed both in PLI and Saluki
in the same comparative study (Uhrikova et al., 2013).
Finally, the higher ALT, AST and creatinine of Greyhounds
may depend on their larger muscle mass compared with
PLIs.
Partitioning according to sex, age and aptitude revealed
differences that in most cases (e.g. erythroid parameters,
GGT, K or CK recorded in males and females) were statis-
tically significant but likely not clinically relevant, since the
results of each subgroup were within the pre-existing RIs or
only slightly different from them.
The lack of significant differences among biochemical
analytes generally affected by age (e.g. ALP, total proteins)
may depend on the fact that very young animals were not
included in the study. Similarly, age-related changes in
haematology usually occur at 9–10 months of age, when
Hct, Hb concentration and RBC count increase (Shiel
et al., 2007). The most significant age-related changes in
our caseload were a trend to macrocytosis and hypo-
chromasia both in mature RBCs and in reticulocytes,
consistent with what was reported in people (Mahmoud
et al., 1996).
In Greyhounds, several haematological or biochemical
changes were found after sprint exercise (Ilkiw et al., 1989;
Toll et al., 1995) or during the racing season (Lassen et al.,
1986). None of these changes was detected in PLIs, except
for a moderate increase of lymphocytes. However, a trend to
microcytosis and increased MCHC or CHCM was found
both in mature RBCs and in reticulocytes.
Reduced iron status in athletes has been documented in
racing sled dogs (Kenyon et al., 2011). Although we are
aware of the fact that our PLI are subjected to a different
type of physical effort (training sessions during the training
season), it is difficult to justify the high serum iron recorded
in the present study, which contrasts with previous reports.
The low Hct in racing compared with retired PLIs also
contrasts with the previous reports on Greyhounds (Zaldí-
var-Lopez et al., 2011). Short maximal exercise in dogs could
lead to metabolic acidosis with respiratory compensation
and increased plasma Na, K and proteins (Ilkiw et al., 1989).
This was not found in this study in which, however, the
samples were not collected after race but during the racing
season, when it has been previously demonstrated that
haematological parameters do not change significantly
(Lassen et al., 1986).
In humans, the increased plasma volume due to an
increased production of aldosterone and osmotically active
plasma proteins may lead to a relative decrease of HCT,
defined as ‘sports anaemia’.
In conclusion, this study has demonstrated that most of
the RIs published in veterinary textbooks cannot be validated
for Italian Greyhounds (PLIs). However, only some of these
differences can be interpreted as breed-specific peculiarities,
likely due to the adaptation of this breed to racing aptitude.
Rather, the RBCs of PLIs seem to have a more intense
haemoglobin synthesis. Interestingly, this mechanism of
adaptation seems to differ from that hypothesised in Grey-
hounds, in which, in association with the increased Hb and
MCHC, also an increased RBC count and Hct level are re-
ported. Additional peculiarities of PLIs include a WBC count
lower than in other breeds, in agreement with what was re-
ported in Greyhounds, wider protein and albumin intervals,
and a serum calcium level which, unlike in other sighthounds,
is higher than the published RIs, probably due to the higher
protein binding.
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